WIDER HORIZONS IN MEDICINE

Hugo Karl Liepmann and apraxia

JMS Pearce

ABSTRACT - John Hughlings Jackson (1835-1911) first
clearly described apraxia in 1861, though he did not pro-
vide the specific name. Apraxias are subtle motor disorders
in which there is an interruption of the organisation of
movement mainly located in the left hemisphere. Hugo Karl
Liepmann (1863-1925) was responsible for their elucida-
tion, distinguishing ideomotor, limb-kinetic or innervatory,
and ideational apraxias that affect distinct central associ-
ational areas of the cortex with characteristic clinical
results. This notion was later expanded and clarified by
Geschwind’s ‘disconnection syndromes’. This article
summarises the history of this important and common
pattern of motor dysfunction.
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History

A variety of apraxias commonly complicate strokes and other
focal brain lesions. They comprise a variety of high-level motor
disorders. In the absence of paralysis, motor or sensory ataxia, a
patient exhibits:

e failure to produce the correct movement in response to a
verbal command

e failure to imitate correctly a movement performed by the
examiner

e failure to perform a movement correctly in response to a
seen object

o failure to handle an object correctly.!

Apraxia reflects both the nature of the errors made by the
patient and the means by which they are elicited.>? Hugo
Karl Liepmann (Fig 1) was mainly responsible for their
recognition.’® Liepmann joined the famous Wernicke’s
clinic in 1895 and moved to Berlin four years later. Wernicke
had correlated discrete cortical lesions with clinical motor
signs and proposed that the brain contained ‘fundamental
psychic elements’ or ‘memory images’ related to motor acts
and sensory experiences. These memory images areas were
localised in primary sensory and motor areas with sound
images in the cortical terminals of the acoustic nerve, and
visual images, in the cortical endings of the visual cortex. He
had, however, emphasised that higher functions were not
localised in specific regions but were the result of associa-
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Fig 1. Hugo Karl Liepmann.

tive connections between motor and sensory memory image
areas:

Any higher psychic process, exceeding these mere primary assumptions,
could not, I reasoned, be localised, but rested on the mutual interaction
of these fundamental psychic elements mediated by means of their
manifold connections via the association fibres.”

Earlier physicians must have observed and been puzzled by
patients who, while retaining power in their muscles and their
coordination were unable to make skilled sequences of move-
ment and could not properly use tools or even copy patterns of
movement. Liepmann’s studies of the motor system led him to
posit a basis for the apraxias, later recognised by Geschwind as a
‘disconnection theory’. Liepmann’s conclusions have been amply
confirmed.

Evolution of the apraxia

In 1861 John Hughlings Jackson was probably the first to clearly
relate the picture of apraxia in the sense described by Liepmann?:
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In some cases of defect of speech the patient seems to have lost much of
his power to do anything he is told to do, even with those muscles that
are not paralysed. Thus, a patient will be unable to put out his tongue
when we ask him, although he will use it well in semi-involuntary
actions — for example, eating and swallowing. He will not make the
particular grimace he is told to do, even when we make one for him to
imitate. There is power in his muscles and in the centres for coordina-
tion of muscular groups, but he — the whole man, or the ‘will’ — cannot
set them agoing....In a few cases patients do not do things so simple as
moving the hand (ie the non-paralysed hand) when they are told....A
speechless patient who cannot put out his tongue when told will some-
times actually put his fingers in his mouth as if to help get it out; and
yet, not infrequently, when we are tired of urging him, he will lick his
lips with it.°

Since then the concepts and classification of apraxia have con-
tinually evolved. The German psychiatrist Carl Maria
Finkelnburg observed in 1870 that gestures of communication
in aphasiacs were clumsy and incomprehensible. He deduced
that they suffer from a general ‘asymbolia’ preventing the use
and comprehension of communicative signs.'

In 1871 Heymann Steinthal (1823-99), a German linguist,
introduced the word apraxie (from the Greek ampaéla, inac-
tion) to denote the faulty use of everyday objects, such as a fork
and knife by patients with aphasia; it was, he thought, owing to
a failure to appreciate the desired movement or handling of an
object.!! He described ‘the disturbance of relations between
movements and the objects with which they are associated’, and
considered the errors an ‘augmentation’ of aphasia. In 1899,
D De Buck had also described apraxia and used the term paraki-
nesia in a patient who ‘though retaining the concepts for her
actions, did not succeed in awakening the corresponding kinetic
image’!'? The centre for kinetic images was, he believed, dissoci-
ated from ideation, and associated with damage of the occipital
and parietal cortex. In 1905 Arnold Pick reported a patient who
had lost the ability to use implements, eg he combed his hair
with the wrong side of the comb and held a pistol in his
mouth.!? Pick viewed this as a motor asymbolia, akin to agnosia
(Finkelnburg). Meynert too had described ‘motor asymbolia),
and Nothnagel ‘psychic paralysis’

Liepmann’s studies

Liepmann’s first apraxia paper in 1900 was based on a 48-year-
imperial councillor (Regierungsrat) who, at first, appeared to be
demented but in whom his examination showed several discrete
defects of motor function and perception.®> The Regierungsrat,
after a stroke was unable to button his shirt, even after the paresis
in his right arm had largely resolved. When his hand was placed
on the button, his fingers performed the necessary movements,
but he was unable to proceed to the next button on his own ini-
tiative. Similar disturbances were found when he tried to light a
cigar. Although the patient’s spontaneous movements were
normal (eg using a spoon while eating), when asked to perform
or copy gestures with his hand (eg point to your nose) or manip-
ulate imaginary objects (eg show how you use a harmonica), he
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did so in an odd clumsy fashion. The patient appeared perplexed
by the command, but had no visual impairment and no paralysis;
Liepmann thought there must be a disconnection of visual, audi-
tory and somatosensory areas from the motor cortex. His patient
failed to recognise commonplace objects presented visually,
although several tests indicated that his visual perception
remained largely intact. Liepmann commented:

Part of what left hand ‘can do’ is not a possession of the right hemi-
sphere which directs its mobility, but a possession which is borrowed
from the left hemisphere. The right hand centre...remains during the
whole life in a certain dependency on the left hemisphere.’

He predicted cortical lesions underlying the apraxic signs
elicited and two years later these lesions were fully confirmed at
autopsy.'* Wernicke was delighted with his former pupil’s work,
which Geschwind described as ‘the most brilliant example of
psychological analysis on an anatomical basis, which Wernicke
had founded in principle a quarter of a century earlier’!> In 1907
Liepmann, working with Otto Mass, described the clinical fea-
tures of ‘dysconnection’ of the hemispheres in a patient with a
lesion of the corpus callosum, demonstrated at autopsy.'®
Goldstein, another pupil of Wernicke, reported another proven
case of disconnection that he called ‘motor apraxia’!”

Liepmann found right-handed patients with left hemisphere
lesions — especially of the supramarginal gyrus — were often
apraxic in the unparalysed left hand. But those with right hemi-
sphere lesions were not apraxic in their left hand. He concluded
that apraxia was a defect dependent on lesions of the dominant
left hemisphere, which contained the memory traces for organ-
isation of skilled movements. His later work convinced him that
corpus callosum lesions (Fig 2) interrupted the organisation of
movement located in the left hemisphere from the motor area in
the right, causing ideomotor apraxia in the left arm and hand.®
He distinguished!®°:

e ideomotor apraxia in which the difficulty lies in deter-
mining what the nature of single movement shall be, so that
ideational and kinaesthetic memories are severed

e limb-kinetic or innervatory apraxia in which a disturbance
of kinaesthetic images of limb movements which caused
slow, awkward movements and loss of delicate movements

e ideational apraxia, a separate pattern of motor disorganisa-
tion in which faulty conception of the movement as a whole
and the relationship of its spatial and temporal components
to one another disrupted the sequence of movements.

Liepmann also described echolalia and wrote other valued
neurological papers.

Liepmann’s concept

In essence, Liepmann’s concept was that the idea or plan of the
action, or movement — including its spatial, temporal and
form — were located in the left hemisphere. In order to carry out
a skilled movement, this plan first had to be retrieved, then asso-
ciated through left sensorimotor cortical connections, which in
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right. Reproduced with
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turn carried the information to the left primary motor areas.
When the left limb performed the movement, the information
had to be transmitted from the left to the right via the corpus
callosum to activate the right motor cortex. The different
apraxias resulted from lesions of the supramarginal gyrus
region, and/or the corpus callosum.

Leiguarda and Marsden admirably summarised his conclu-
sions.? Liepmann thought that the idea or plan of a movement,
containing the space—time picture of the movement was stored
in the left parietal lobe. To execute a skilled movement, that
space—time plan had to be retrieved and associated via cortical
connections with the innervatory pattern stored in the left sen-
sorimotorium (the precentral and postcentral gyri and the pes
of the superior, middle and inferior frontal convolutions), which
conveys the information about the formulae to the left primary
motor areas.” When the left limb performs the movement, the
information has to be transmitted from the left to the right sen-
sorimotorium through the corpus callosum to activate the right
motor cortex.* Ideational apraxia was considered a disruption
of the space—time plan or its activation, so that the creation of
the idea of the movement was impossible. In ideomotor apraxia
the space—time plans are preserved but unable to guide the
innervatory engrams to execute movements because they are
disconnected from them. The patient knows what to do but not
how to do it. When the disruption of the innervatory engrams
interferes with the selection of the required muscle synergies to
perform the skilled movements, limb-kinetic apraxia results.
Ideomotor and limb-kinetic apraxia were both considered
motor apraxia and often coexisted.®

Apraxia, shown by imitation, object use and pantomime, has
been found in 50% of patients with left hemisphere damage and
in <10% with right hemisphere damage. This suggests that some
patients have bilateral representation of praxis.? Subsequently,
the dominance of the left hemisphere in praxis was generally
accepted, though Liepmann conceded a possible role for the
right hemisphere in left-sided apraxia.!* Von Monakow, who
initially criticised Liepmann, actually confirmed his results. Kurt
Goldstein in 1908, soon after Liepmann, published a case of cal-
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losal disconnexion with motor disturbances.!” Geschwind and
Kaplan provided a brilliant analysis of a comparable instance of
apraxia caused by callosal infarction. Their case illustrated that
the unqualified designation ‘apraxic’ was inadequate:

The left hand in this patient was apraxic to verbal command but not on
imitation or object handling the right hand failed to perform correctly
when a response was demanded from this hand to somesthetic stimuli
applied to the left hand. Rather than use the term ‘apraxia’ it is therefore
preferable to specify the stimulus-response combinations which fail?!

Sperry and colleagues were later to demonstrate that if the two
hemispheres of the brain are separated by severing the corpus
callosum, the transfer of information between the hemispheres
ceases, and the coexistence in the same individual of two ‘func-
tionally different brains’ can be demonstrated with definite
behavioural phenomena.?? Geschwind supported Liepmann’s
ideas and advanced his own neuronal disconnection theory for
limb praxis similar to Wernicke’s concepts for language.?®?*
Geschwind, like Kinnier Wilson, also pointed out the limitations
of classification?”:

This formal listing of types of apraxia probably had in practice the
unfortunate effect of overshadowing Liepmann's much more important
detailed analyses of the mechanisms underlying disturbances in motor

performances.®

Recent functional imaging studies correlated with neuropsy-
chological deficits have not clarified the fundamental nature of
the many different patterns of apraxia in relation to its varied
anatomical lesions. Positron emission tomography, single
photon emission computed tomography and other studies are of
limited value, because most patients examined have deficits
additional to apraxia, including dystonia, rigidity and cortical
sensory loss; further, many published functional imaging studies
have been in the resting state, and not during tests of praxis.?
Thus, the relationship between the metabolic or electrophysio-
logical investigations and the presence of apraxia is not yet

defined.
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Table 1. Characteristics of apraxias.

Type of apraxia

Hugo Karl Liepmann and apraxia

Characteristics

Limb-kinetic

Ideomotor

Loss of hand and finger dexterity caused by inability to connect or isolate individual movements.
All movements — symbolic, non-symbolic, transitive ie using tools and intransitive ie
communicating gestures

Disorder of goal-directed movement. Patient knows what to do but not how to do it. Disturbance

of timing, sequencing and spatial organisation of gestures eg in corticobasal degeneration,
progressive supranuclear palsy other basal ganglia disorders

Ideational or conceptual

Patient does not know what to do. Errors, in sequences of actions using objects in the right

order, and does not know how tools work. Inability to perform multiple-step tasks, motor

perseveration

Other so-called apraxias

Dressing apraxia

Constructional apraxia — inability to
copy two-dimensional drawings
or three-dimensional assemblies

frontal or other lesions

Brun's Gait apraxia
Magnetic apraxia: forced grasping
Apraxia of eyelid opening

Ocular motor or Gaze apraxia

Brain diseases that damage the multiple parallel parieto-
frontal circuits devoted to specific sensorimotor transformations
cause different praxic deficits, depending on the context in which
the movement is performed and the cognitive demands of the
action. Constructional, gait, facio-buccal, and ocular apraxias
have their own distinctive clinical and neuropathological fea-
tures. Whether they should fall within the general motor apraxias
is arguable — an issue beyond the remit of this paper. There
remains no consensus on the classification of apraxias (Table 1).

Hugo Karl Liepmann

Liepmann was born in 1863 in Berlin to cultured Jewish parents.
After schooling, he graduated and obtained a PhD in philos-
ophy, which remained a lifelong interest and was a background
for his later investigations of ideation and psychophysical con-
cepts. Seeking more tangible objectives for study, he read medi-
cine, graduating in Berlin in 1894. He studied anatomy with
Weigert, then went to Breslau under the wing of Wernicke. After
four years he returned to Berlin to work at the psychiatric hos-
pital of Dalldorf where he began his work on apraxia. He
became Privatdozent at Berlin’s University in 1901, but was
never promoted to Professor Ordinarius because, according to
Oskar Vogt, he was denied an academic post unless he was pre-
pared to change from the Jewish to the Protestant faith which he
refused to do. He later became director of the D Stadt, Irrenanst
at Berlin-Herzberge, a mental institution, where he remained
until he developed Parkinsonism, which precipitated his retire-
ment. Goldenberg provided a full account of his life, and his
style as a clinician, and reviewed his ideas on cerebral localisa-
tion of psychological function and apraxia.!” Goldstein reported
that he had such high ethical standards that during the blockade
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Usually with inattention of left side and right parietal lesions

‘Apractagnosia’. Usually associated with perceptual defects and with right or left parietal and left

More accurately ‘frontal lobe gait disorder’, without leg apraxia
Frontal lesions and corticobasal degenerations
Basal ganglia disorders, dystonia or inappropriate inhibition of levator palpebrae

With optic ataxia and simultagnosia in Balint’s syndrome. Bilateral occipito-parietal lesions

of Germany in 1915-16 he voluntarily starved himself (losing
60 pounds in weight), refusing to eat more food than his
patients were allowed. His daughter Kate, wrote in an epilogue:
‘his professional aspirations were continually thwarted in the
context of anti-Semitism of his day and that this continual dis-
appointment threw a shadow over Hugo Liepmann’s life’?” An
English translation of his essays on apraxia has been pub-
lished.?® His last years were clouded by professional frustrations
and illness. Parkinson’s disease crept up on him enforcing slowly
increasing disabilities that culminated in his suicide in 1925.
Kurt Goldstein remarked:

Liepmann’s work will remain one of the landmarks in the progress of
our knowledge of the function of the brain. He is a worthy representa-
tive of a great epoch in neurology.?®
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